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rastsst-oie. (b> fiiE»^ j-?>tim 
zittmwmzsatti mz^xs , ( c > * ? y 

* y ^trass* s$yi tx iwfrf * y t*tf m m 

[ff*52] (A) ?-*y££triiiii£*r*&afr£ 

1) , ( b ) m&ffiK. *+*ykta 

[«*5 3 ] IJIEf-^ y i: JWrSWW, L i , N 
a, K . Mg, Ca, Sr, Ba, Sc, Y, La, C 
u, Zn, Al, Zr, M o W*~f t tlfrX'fo hZb £1$ 

fstt-siwas i *fc«2 eenmi:^ yzstt® 

nizt zm.btm-m 3 tztsx^m.^yos 
[«*55i m?m=coi.m±. o 2 *>j:i/H 2 £#tf 

yz&tstmcommm. 

imm] mtf-9y*mt$hmmii.. h 2 o 
**tf»iwf * izt mw.t 1 1.11*5 1 * fcii 2 

fcB»^IMfcf-^ y£^tf*BIS<7)»>ft. 
[f«*57] «f!Bf-^y*BMI:f4#HJWis H 2 0 

51, 2ifctt6CEa<0lWk-f^^S:*trtllltt<0Wft 

m. 

[tf*58] mE#Hm4>OH 2 0(7)^ffi*\ 1. 3 

3X 1 0 2 Pa ( 1 O- 4 1 o r r ) VXk2. 66X10 
'Pa (20torr) VXTXhh ZbZW&b-f hM 

*56 t fci* 7 fcgawiwt^^ y £-frtrtBtKos&&r 
a. 

[ff*59] t?fE»Hm4><0O 2 <?)MEa>\ 0. 13 
3Pa (10-Horr) £LL2 . 6 6 X 1 0 4 P a 

(2ootorr) wFx-h&ztmmti-mwm 
5 fciafctfRfl:*- 9 yzstsfflmnwmum, 

[18*5 1 0 ] ftife#ffl$\4>*9H 2 <7)#E#>\ 1 3 . 
3 Pa (lOOmtorr) tt±.X't)2>Zb£mib? 

&ti*5 5 1 tzii 7 \zmf»mti-9 y £$tsm&<m 
mm. 

[11*511] tms^nTmizmzmmnm. 
#6 o ox:v±9 o oxxjTThizk tmtk-r&m 



*5 1 £ fctt 2 izimcom-ft^ yz&tsffl&nmm 
ft. 

[n*5i 2] (a) +fy*<&tsmsin*&m* 
mm-r&m-coxm. (b) Miewc ^ytii 

f ew^f e^jstcs £saw-s ssz^ig , < c ) * 

[ii^i3] Mtt9yum%h&m7&&*ists 
wmt. %mwmn*mmx'h izb zmmttm 
*5i 2tiEa<oiwkf-^>'**ttaa<^Rs*a. 

[ff*5 1 4 ] 1RIE*i8i»i, Kjsarc**; t 

mm. 

C 11*5 1 5 ] WElRZaiStt . fflEWMc . fiiflE 

[»*5 1 6 ] mmz&jmt. s 
mt-fhxnx-hh z t &Mtt tmm 1 5 csn 
[n*5i 7 ] wE^ieas**, li. Na, k.m 

g, Ca, Sr, Ba, Sc, Y, La, Cu, Zn, 
Al, Zr, MoOV^m^feStfilfcAlK*"?* 
l»Ci:2r#iii:f l»i«*5l 2fc:lE«<0lMk-f 

tsw®.<mmm. 

[«*5i8] mt+9y*wcthWBmt* o 2 

1 2 tiE^coBg-ft^-^ y£-ktiMmnmm&. 
[«*5i9] mtttyzmttzwsmt. h 2 

0^tf»ffl^T-J>l.^i:Sr^!t-ri»«*5l 2KIS 
»0lWfc^^ y*#tf$B^Sit^ft. 

[H*52 0] «Ef-^y*16-(fct6»HjWi. H 2 
Ofc«t^H 2 ^tr#ffl^T*)S^fc^#Sti:-rsif* 
5 1 9 WEtttfHRfc* ^ y **tr «K8^SSt*ft. 

CIS*52 1] fJie#H»+<0H 2 O^E*^ 1. 
3 3X 1 0" 2 Pa (10-Horr) WJi2. 6 6X1 
0 3 Pa (20torr) JjlT"CfcSi fc Sr#Si:-f 5 

mm. 1 9 ^Ttti 2 o tieo««'fkf-^ y^^t?«^ 

Sit^rft. 

[fi*52 2] mimm&noinftKtiK o. 1 

33Pa ( 1 0" 3 to r r) tLh2. 66X10«Pa 
( 2 0 0 t o r r ) iXfX'hhZ b $r#mt-t€»lt*5 
1 8{C|E«Wl?-(l:f-^y^^tf«I^Sii^. 
[M*52 3 ] fineSffl^#tf)H 2 <7)#E#, i 3 . 
3Pa ( 1 OOmto r r) VlkX'b&Zbtimb-f 
SH*5 1 8 £ fcli 2 0 Cf aSfcOBKt^r* y ^-frttHM 
Wgit^ft. 

[ 11*5 2 4 ] ii?ie§l37)lg icfcfttflMHKtiUE 
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ti<6 0 0'CtLh9 0 O'CUTT'hZZkZ'tmttm 

mi 2iztm(?>m\L^?>z%tsMm<nw£r%m. 
[mm2 5 ] ( a > ^9 yz-ktimmtttzmb 
zmn? i%-coxm. ( b ) mimmwtthWi 

-<7)XU. ( C ) f^JltfSIIWtlM i 

x mmwmiti-t y z$tsM®mm-&m=<?)x 
mm. 

imm.2 6 ] mrnxoxniz. mmmzx. * 
hxux-h hz t &&&ti-&nt&L2 5 iztm 

mmii\ mn-?ym<ktzmffiMi. o 2 

2 5 iztmnmw yz$tsimcr>mmi]&, 

[fft£JS2 8] WE^y*iMfcf6»HSWi, H 2 

o *<&tt nmx-h hzb*mmb-th mm 2 5 tie 
[fs*«2 9] mftf-?y*mt-t&nwm$. h 2 

0&£VH i Z£ts%m%X'h&Zb£mLb-tlM$. 

[»*JS3 0] WE»H»4«0H,O<0»ff*», 1. 
33xlO" 2 Pa ( 10-«t or r) ULh2. 66X1 
03 Pa (20torr) WTX'*>hZb*m®Lb'th 
mm. 2 8 ifctt 2 9 fcEKWlMfc?-* ^ **tf«WO 

Ht$*3 1] WEJPH*'t>tf)O t *)#JEa t , 0. 1 
33Pa (10"Horr)tU:2. 6 6x1 0 4 Pa 
(20 0torr ) OTT"£&C:k£!Rf{Si-f.?>. |f£ 

[it*ja3 2] mi%m%*cou 2 <7>ftmi)K 13. 

3Pa (lOOmtorr) M±X'$>&ZbZ<mbt 

mm2 7£tzu 2 9 izsfflnmt* fyzstsm 
#6 0 o°cm±9 0 orjaTTJbSi k *«afc-r&iii 

*S2 5 {ztm<r)Wfcr?y*%tiM&<r>Wkmi. 

irnms 4 ] ( a ) +9 vttt&ffi&sthwk 
zmm-t&m-oxn. < b > MfBiiwcmsg$r!#Jt 

fft1-6*Z<0IS, (C) *h?y*mKthWm& 

[it^«3 5 ] m-it^y^ttmmx'h^x. m 

«1, 2. 12, 2 5£tt3.3 4<milMZim<?>W& 

urntz* vw&zftfzmj-vyziststm. 

% ~taakx$) ?> z b t%mb -tmm 3 5 (cias^s 

imm3 7 ] mftb , ^a*±tfs^3 5s«^> 



ft. 

*-m&x'hhzb*mLbtmm3 7\,zim<r)ffi 

Jaft. 

[000 1] 

wmmzmtz. ®M±mtT?yv<x*>-wkti 

ffifcHt*. 2t>tzWL<\i. iff^^?^D 
HTflflRBfcfMli** >"7 < Xft-X'h 0 . ft fcfilfig 

mwmb ixitmrnm?, mmm?. n^rnm 
ttmb'izmtz. 

[0002] 

we*oft»] iwkf-^>«f«i, -e^*^ft#tt^ 

i.ti\ 1SHPF8 - 3 0 2 4 9 8#^«fcti. M^9y 

[0003] yi"vVx)V (M. Gratze 
1 ) kte. ao^f HitX^ni. «J«(CJ: DffcfcU* 
nmt^XOT i 0 2 igt^SrfflV^S^*l^«ffiSr|S: 
ffL. x*/WF-$»»sWi7. 1-7. 9%^#TV^ 
^. (B. O' Reganet. al "NATURE" 
353(1991)737). Z<7)imMiz%%$m%) 

[0004] flMcfc, gjfirii, K^^y*iSfc^ 
»*BH«-4k, 3 0~8 0nm^#$T*a*ttkiS 

( "NATURE" 388 (1997) 431). 
[000 5] Ztit>t>Wtzl>MXbtil>Xo£.. Wdf- 
9y\t. *<7)±ZZ£i-S-f4 X£X''\^<~tZ>ZblZ 

mtmtitzi>?>b%tL>tiz>tf. *<D*mmbfrX' 
[0006] ztit>zmi. i-jvixvymcfty 

[0007] 

[|«H*««HfcLJ:9k-f4illl] -^)<J:p{=- 
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wwifciHtf - 9 yffife . «n**i6T#*t * - 1 

[0008] -Rfc-JVIM X<Otm*^JfttS*ffit 
[0009] £ £. 5fecOM. G r a t z e 1 hffMM.=t 

%ttm?h&t>K «?tfLZtihfflti~9>mfm'm 
mmmtwzn lx . ®®&*mLmzwmh & . 

[0010] ffltfctt, &ffit#. mtJ-9ylz£ 0 . I© 

m&Ltim&wfbtLh ( "jpn. j. Appi. p 

hys. " 31 (1992) LI 7 7 5-L1 7 7 7, 
"J. of Materials Sci. Let 
t . " 1 5 (1 9 9 6) 1228-1230). L#> 

tm%xmz&%\mi$%t>%^m. mmzx ot i o 

[0011]-*. 8»WitiStffli L/C? 4 xtf 

fefc LTTi C. T i N$rifj&*&jS§iVCOS. 
[00 12] mWWUXti-ift&L-kmtL 
Tf4. *T7^9uv*rAX<r>1-9vmiW^ <Xij 

immfc±?$v9^mmim*-t>tix^z ( "b* 

58 ( 1994) 6 9-7 7 ) . fcfc'U 
^ft£>(ifo v *:tftf> fc »tft 9 . MLbCE^ £ 1 J4T 
STV^V\ ^-rXtf— »MX#g0. 2-1. 
Ojum. :K$5-6 0,umT'$>9. + X%f^<m 

[0013] ffettt. 3-f» r- ( C . C o d d 

et) tWO. Ti OM* . H 2 0*&8HSW>T1R 
J!iS-tl> C tX'Mtt.*9 V*7 4 Xti-0)tfL&i?&t>tifz 
®&ififoh ( "C. R. Acad. Sc. Pari 
s, " t. 281 (1975) 50 7-5 10) Z 
tf)i§£ig<9±£til 0//mgJgt*l\ 

[0014] iJ2£^T&$*lfci>?>T-;& 

m^9ym&i5iixm^9y^ 4 x#-. %tiL><r> 
HML&9 vW®.hh^\$mtf-9 v*j 4 Xii-^WM 



[0015] 

(A) f-^>t*trtWBMr^*»lc*«W*lll-0 
IS, ( B ) m&ffitz* *9 V h\%W£hWP&W& 
mzW&$h%Z.<F>TM, (C) f-^>MMtt*«H 

ffie^itoiesrML^fna^-^yjr^^ffi 

[ 0 0 1 6 ] 2*:. *«W<OS5Z<0®(W4. ( A ) 

(B) iwfSM:. f-^yfcttgfcStmfcftftfcEB 

-tfcs&zenai, ( c ) 1-9 y*®te? s#B»+t\ 

msmz.<?)xmt:nit:wzi-9 y*£ts$mzmm 
ixMit* 9 y^ttmmmmt 'Shewis***- 
hzt *¥mt?m<ti-9yz&tm&nw&imz 
$>& <> 

[ooi7] xmxoimiz&^x . ma-9 >tm& 

2>ttfW. Li. Na. K. Mg. Ca. Sr. Ba. 
Sc. Y. La. Cu. Zn. Al. Zr. MoW^f 

tLfrX'hhZttmt Lv\ fJiEf-^ykS^Stffl 

[0018] fflBJ&HOlSte. 0 2 i>4l/H 2 **tf# 
^t^'if^Lv^ W5tf-9v*:Mrt-h&Bmt. H 2 

flrt-*«wwi, HiOt$SiVH i z<£t3vmfs&X'b%> 
[0019] mMm^(OH 2 omm. 1.33 

xlO-'Pa (10-Horr) IJUi2. 66X10 3 
Pa(20torr) &.TX'$>& Z tm * U>. HE 
#H^«t>^0 2 ^E*i. 0 . 1 3 3 P a ( 1 0-3 1 o 
rr)tLh2. 66xlO'Pa (200torr)lil 
T?g>&ZtmtU\ fflE#ffl^+WH 2 ^E 
13. 3Pa (100mtorr)tJLhT'S)S l li: 

[0020] li^l=<0IgCfe{tS#feJ!!a^fflg*«6 

0 o°ctLh 9 0 oniv.TX'hi z ttfm 
[0021]$ 4>{c{4. *wmw.E.<r)mm*. ( a > 
+9 y£%ttmM*iii-&mkzmMt&&-(r)j:m. 

ft£ -frl. i i: 4. *) . BffiB^ffitltrfB^aTcStr 

istrsmz^ig. (01-9 y *mc$h%m& 
ximmtxmmmizffiti-9 yz^tstmzBm- 
h%E-<n>xm:tth z t imsLt-riwtfti-9 y£$ 
tsim<mmmzhh. 
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[0022] mttfykitmz&mTmZ'ktiW.w 
it, m^Ttm^mmx-h 4 ; t * u tna* 
mmt . wmmx-h zzbrntt^. mitMxvxn 

mt\>\ m^-coxma. zuzmmmzmsm 
m&miKmTm&f yitttmRznmfct 

[0023] Li, N a, K. Mg. 

Ca, Sr, Ba, Sc, Y, La. Cu, Zn, A 

i,zr, Mo<ov^j6>3&»<9a«r<xfcAitjaRT&4 

[0024] S 4>£J4, *»"fi<0»H<OlBlW4. ( A ) 

( b ) mmmzwmitt&mznxn. (o+*y 
imit-t&mm^xmm Lxm&tkn&MM-* y 
£%tsimmtfL-tz>mE.v>xn£iii-?>z t mmt 

wxnii, mimmzx.-vj~y7thxmxh&zktf 

[ o o 2 5 ] § a>Mt. *m&>&ii<r)mmt. ( A ) 
y^timm^i- mmmmi-zm-oxm. 
< b ) mmmizmmmi-ztimzcoxm. 
(o i-fymittimmx-mtmi. mmm 

[ 0 0 2 6 ] § £ Kt4, *«i«B<0«^<OJIiaB4. Uftf- 

nfciwkf-^yt-fttrtiiiifc**. me«us^. uwi:* 

[0027]$ ^{cJi, *jra<oiH:^)JBaM4. a* 

[0028] jdEoswa^wtara*: 4*ttf . fe^tt 
xvymtthWtf-fytttsm 

[0029] 

wmimz^xm2t:m^xmm-&. *mi<?>wm 
ma. $mtz**y*imwte* mam,*-? 
tmrnthztizx^ wiwmfrhm.i'fyi* 

[0030] HfflK^? ^fc***»Wi* **> 

$mBmm-mmz?zmx\ iMLztiim.*fy 
m'wm&X'Z & . 

[oo3i] zzx'+?yztth$mB]&m-mi 



bit. $miz®.*9uyfrt > m : 1-x*->uri±%Z<n$i 

mmm^m^hwm^mmzht^^WM^tih 

ZbZWfcth. *»Hfc*J^TI4. %ii%ii<rm&<F> 

t itiMzam u*. 

[0032] **y£*Tf *«iB^W#--«tti: LT 
[0033] JTF. 02 ( a ) ~ ( c ) SrfflV\ 

wiHtf-^ y*$mmmftm$mi?£<7)-Mzm 
t i £±jfc«-i:-f.&]g. i2i4»K, i5imtt.*?y 

[0034] ISA (H2 (a) #Bg) 
4"f. mmiz+fy (Ti ) Sr^tf^HSr^r-rSSftl 

o£«rri>. £ffci ot urn. mm\>z^9y^L 

02(a) tSt4 3 tSEBtf? i 

1 2±tcT i £±j£#i:-fl>!Il 1 *#JSU:«*$:£ 

b-tmi H4, fllitf. T i ££*i»J£», EB^ 
«. ^-y^. CVD, *y**itl#>£t&W&M 

mmizi: o «nw* z b tfx-z h . 

[003 5] liiB (02 (b) #81) 

s. ftf*wfct4, m-o^at ut. t i z-ktsmx- 
tc, t i bimzz&mmz&ttimmmhzb 

it36«*C#4. *4VM4, 4fc, T 

[0036] JJB»-<0¥i6i: LT14. »^^ffl$rgv^ 
o<§^v^gjgfc. f-^yj^l-OTcStLT. Li. N 

a. K. Mg. Ca, Sr. Ba, Sc, Y. La, C 

u. Zn, Al. Zr. Mo«£flUL MttS. 

0, ±ie«^Sr, T i Sr*t«lB±fc» fttt*6v^4(t 

*<istiiLTi^iimi;. ±Mii-?yim<7)7tmx'mbii 
x\ / ^mbtf&®MtfL2ii. m&<r)ft-m%m%& 
*mfcthzbtfx'%h. 

[0037] ±mi-? yim<r)7zmzM&. f>$>wm 
mizmtzimbLxit. smamm. ebi 
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hZbtfX'th. 

[00 38] ±Mim-n*mt LT14, 

bttzbtfxth. 

[0039] ±Ml1-?VbM<r)7mt LTJ4, L i . N 
a. K, Mg, Ca, Sr. Ba, Sc. Y, La, C 
u, Zn, AU Zr, Mo^&JR£#?£ L<Jfl^& 
ZbtfXZZ. 

[0 04 0] £A>«4, JJSS«*lM8ai: L 
T, ±lM4*v*£t«*i«'t''C, mffBT i 

tZbtz£->Xh*JM*n$ZbtfiV*&. zuz 

LTEV\ MET i ££tr&fi&B&J: U RHBMfc£ 
fcJ: oTfilBT i **tr*MS:»fl:S*i Z b fc J: -?T 

[oo4i] jjeiMBWiasfcfflv** c to-c* m 
SRft&iaflEie&H 5 tsjc*-. h 5 + , 50 i4Mi&f§ 

Xh*). 5U4RJGSB. 1 0JilM8(c«S1- 

Sft, 5 3(4Pt#y-h\ 5 4{4mjg$, 5 6{i^S 

hwasftxbh* mxirmixhhiiK co«*«t 
be, ira*sttM«k )is-ri>3yfcri-^. 
*a**vu**. «*io*j«fctf*y-K5 3{i, us 

[0042] JbKWKSttiHfffffc LT 14, Kb *.(4\ 
dfc#-C#4. 

[00 4 3] ifc. £.1X14, RMH8Mla:SCffl^4< 
ETifrfrWHBfclWHHfcU Zhlz. ilB&JB'f* 

ffi&zit&9mi>mx'Z?>. 

[0044] ±XM-0&mtti\im-ff&&£li o , 

t i tttmrnzr i timK&mmjtmmzztiz 
ztx\ im&i-m*mjm*jmrizbtf-cs 
4. 

[0045] mm-. m-<r>*mz*tiii. t i 
tiimizmmjmimt&ztizmmLx. imntm 

®immzztit>tfm&b%') . HtofflflHWMfc: J: 9 

4. 



[ 0 04 6 ] }JSSSEm-mt LT14, T i 

uci4, R A g i jum*>m iw manct iz&b t 
t(4, xyf-y^arr. met i i-ttsmtztemtz 

S&fc'-CBufET i **tr«]Bfc:»aWfc|MIfl*»jjW6 

*js*4f*«j«fflT#*. :<o«ct i zstsmmzwa 
&Mistr&zbx\ ffij&<&t-®%$mBmzB&rz> 

ZbtfX'ZZ. 

[ 0 04 7 ] ±f£SIE<^i£i: LTi4. T i 
tr«iiifc, 3tmi£!SStf4#£*W4ii4. COgt 

WMMtfcJ: 9, T i zstsmizftmm 

4. d*i(4, wiif. ±ie^m^f^^i:#H^(K 
s$*$>4U4*yy#BStt>) x-ftozbiz^x 

[0048] ^"CI4, IgAfclgBfcfcWt 
[0049] JlftWW4, KrlfiieAtfc^TS tfc* 

t, mmi 2±izTi£3EMKbi-mi 1 

ftm-mmmmmmttthm 1 o t -rz z b# 

t i s-i^^-t-r^^ i i zft&u-zmntut. *xs 
bst*§, mitmm^xm&minddo.mcmo 
zbffx-zz. tfri. TMBimxmbixmw&& 
<mtzb#mL\,\ 

[0050] Ltz , *ISB IrSrtC b fc i 

BHkf - ^ > almost- m <i-hzbizi%tf&i>cob% 

[0051 ] -TKthh. *^cfco-c«4, 

tttsw&*mm-hi^mmiMmz. t i 

bx\ *ii?tKrm&. m&(D%ffitzti^xam<7)f8M 
iim-r&zb&x-z h. z<mmzo\\x\m^x' 

tMJD^r b'lz&j-tZ h<r>b%Lt>ti&. 
[00 5 2] IgC (02 (c) #81) 

mm». ^ymterimm^Tx-mmt^. * 
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c o o 5 3 ] z z x'M&mmz'n o &mmm<?>-miz 
x-M. lotiff^ttfr. Asitmmwmx'h*) 
<M5x mx-tz axmx^x-h o . m mmx-^wm 

fixmmtm-lztah XoRWZtiX^lZttiWtL 
\\ AGtetfZCDffi^yJyX'S)*). ?-Xft?X>T 

v-xyT^timztix^z, . Aumma 
&mcomm yrx-h 9.48 i^mmm^ < * 

tiX^h. 3>}mzzXiStWUz : 3imifr<0X%<. ft® 

fr^mtimitz>w*SFm<Dmmx'&'ixi>fr£ m 

[0054] ^9£^IHt»ffl^tf&£Ji. jiS 

ts^fta. ?mm.<rim.\t(> o 0*0-9 o o'ccoea 

[ 0 0 5 5 ] ±I2T i £!HttSltffc#fflfck L 

t i zmc$mttmm%t lxiz. n 2 otfx#m 

U\ Zbtei. IIEBHt^H^+C. (H 2 # 

x) zm&i-hzttiK mt^ymncomm< u 

[0056] i-Xht^L*! 3 *mimfc*?y 

mm<Dwmiomii. mm^^yTm^i-im^t:. 
[00573 xmmmmzxtui . asu^gt l 

-£fmr&Clk#^«K'&l>. kUKOIgA^Cfc 
[ 0 0 5 8 ] *^£Ogit^cJ: 9®j£$fil> 
[0059] ±a«oSjt^rat J:*Uf . &tt.*9y£3L 

fcfttLtzmtf-tyimtf'&htih. &tz, mzit. 
mm. <nn\ y a h z t tfx-z 

&mz x o . r*- * — tfa^^ a B B«ji$- 1 h 
ztitx'%h. -shc *7<xij- (iHm&) tim 

#{cj&gLfc8fl£f^k#£v^ *mtz&^x 

izm&&<7)^mizmfrt>i' . gfturtco. 

Sift. ^SI#C7)iC7)i,-£#>. +tt%TX'<?hit£1i 



[ 0 0 6 0 ] 0 1 tt. *fg0JJ<7)Mff*££ i OSitSft 

co»ow£*ii»0-ej>i>. nits-rat. 

J^Kii. 01 ( a ) COi 0 tOlitfcOiCO. HI ( b ) CO 
J: 3 fc6tttf>*>«0, El ( c ) co J: 3 tttttT'*§* J K 
BWfc3&bft to, 01(d) fcjjcf J: d KMSccotttf 

[0061] 01(b). (c). (d){c^Lfc*» 

0. «£l3m0nm-ifcWjumC0»0i,cO$:#SC: 

[00 6 2] *^co^it^S^fflV^k. 03 
Octat. XMcl 0k. **t^LT^l*]14^*UTE 
3*ifc**iHfcf-*v 1 5 *»t*»^«Bt» 

it^y^ttsmm szftmvx. mm-tizt^ 
mx'hi. 

[0063] imtotBtfimz* ouasiifciHbf- 

?y£-£tffflillfi. »ftttt^C*i. frotetetH-J 

zemmw*. wmmztLx. m^mx-mm 

T?X1->v7%i:<7mtttttLXm\.*&Zti>X'Z&. 
[0064] 

[00 6 5] USSffll 

ot. 02 ( a) ~ ( c ) sfflw zmmtef-fy 

[0066] IS ( a ) 

it^foKti o-HMcaawft. trnz*. <om § 1 

/zmcoTicolSl l£HJg|L. aflsl OiflUSLfc (0 
2a)#f). *TUmz. FE-SEMii^^ 

kd^. Ti co^i \<»mm,z+ry-i9uy*tAX<F>7 

viy (#-m%$kW) tmmztiti. 

[0067] IS ( c ) 

[0068] *^J6^cfcv^T{±. ISfi5:04tSU>: 
RiS^BtlSaL-C. t-f^Ot&ifXIiZ**).. 5XHZ 
tft^t^ti* (^E864. 5Pa(6. 5tor 
r) ) t^iJ^L, ^^Al : 4 4*^lg45 0m 

l/m i nT«ALTRfSS5§rtcoflE^5:l 0. 108 
Xl0 4 Pa (7 60 tor r) t^L?t„ ZLXfc 
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m? ynm txunwt i o o -ex- 1 h r 
nmzmuz. zixmmyrzmix . 

[006 9] iFffi (JtSIfig) 
K^L^yr/l^B, ffiffl^FE-SEM (Fi 
eld Emission— Scanning Ele 
ctron Microscope: 11 |?-JSctij^$Stt 
fM) UTtRfKL*:. **>t6li. IHLf- 

coo 7 0] mtf-?v*7 <*i]-mmt. 

4*i]-<rm$.\ 0 0nm~3 0 0nmgjg, fiSldJK 
lOOnmHBtlOjtimt* 1 ), HI (b) IZ^tXo 

C007 1] 

fc. 02 ( a) ~ ( C ) *mw *fflwm& 
? ymmcom.-jf&zmiz&^xmm 1 . 

[ 0 0 7 2 ] ( a ) 

umCDTimi 1*HRU **10*»JftU: (02 
a) #!f) . 
[ 0 0 7 3 ] IS ( b ) 

MM£ES£% Itz . ISffiiHUi. 0 5 fcijr$HWBK 
fl3&B*fflv\ B*»»ttO. 3Mi^|g«£i 
Ls Mii*ffl{cJ: mm* 1 7Ttt:«j*Lfc. ISM 

«EtiDC4ovfcL. ffimmwmmmtimi nt 
ut. *xmmz. mmM&&mt afm (nrna 

JjMttit) AVSEMTWdLfcfci*. fSEKttftl 
OnmcOBna^fg^ilJt. 
[0074] IS ( c ) 

[0075] *SSMsWfc:i3HTti. «8*B4C* Lfc 

ftftLfctt* (^$UE8 64. 5Pa (6. 5tor 
r) ) SrAVJy/U **X#A^4 4A><bM«5 0m 
1/mi nT^ALTR^SrtcOE^Srl 0. 108 
xlO'Pa (760torr) KHftLfc. -etT# 
fl-IS? LTKfia** 7 0 0 XIV 1 h r DJR 

«3*tfcLfc. zixm&y>7£ffiix. w&m. 
zmi&izixfrbfixmzmmLtm$*$kWzm 

[007 6] IFfi (flBt®3S?) 



KOaiL^^V^^ffi, frfflSrFE-SEM (F i 
eld Emission-Scanning Ele 
ctron Microscope: 9,R1ft.iij%3i§M. 

[ 0 0 7 7 ] 4fc, < Xti-<7)ffimt. m 

*^QSW 1 tcJt^TJi < , lOnm-lOOn rngg, 
fi$liSlOOnm-il OumX'h*). 01 (b) fc 

Tfetx o itzmmmzmti. * zt-tfutzti 

tz. 4fc, fa^-^lii. H»J 1 fctfAT^FF^ 
4£, »>-f xtf-^+fcti, ffl^r{aS:^-tx-y 

[0078lIiM3 

*£*WlC*NvCtt, Ig (a) fcfcwc. TiKSrS 
Kft. Ti $t_ti~££>t~Al$?£0. Snmffili, fe 

[007 9] ^USSWcfcWt, SHt^-r?>"^X#- 
fIli3 0nm~2 0 0nmgJK, £3fcJ»l 
0 0nm~gcl 0jumT'£>9, 01(b) fcjjktZ. 0 t 

[0080] 4fc, ESWrSMW, AKaftfcOfc. B 
a. Zr, Mo, Y N La, Cu, Zn, Zr, Mo£ 

Jflvxfc*£fct>iiB3*ifc. Ci*iJ:9, TiJRSiiucA 

[008 1 ] HSIM4fcJ:^IISfe«5 
*H*Wfc*JVvm. XS (b) tfc^T, l^^bffl 
S^?gi:LT. 0. 3MKK (HSS01J4) . 0. 3M^ 
IH3A1 2 (S0 4 ) 3 5r0. 0 1 Mtoz.fzWm (H 

*0!5) *fflv>fc. mv>xutemmM2izmitz. 

[ 0 0 8 2 ] *HM<?l]4 , 5tCt3^T. Wfr9>*H 
Xi}-<r>mt. 10nm-l 0 0 nmgJK. ^§{i^tl 
0 0nm~g[l OumX'h<0. 01 ( b ) liZy^tX o £. 

w&mzmtifz. m&*7 4 x*i-ifijM>ixk.. ttz. 
*? 4 xii-<nmm&m4 iz&Kxmm 5 coum^ 

r>tz, 

[0083] mm 5 &W,A XytlStthWfc 
<Oftt>0t, Li, Na, K, Mg, Ca, Sr. B 

a.Cu, Zn%l'<r)j*y*m^tzi%&lzi>imZti 
tz. ZtlXO. fmmtttMWmizA 1 ^ittibti-l 

ftLlcmJ is y * Jni. s i t x\ t i KSffit t i fctff^ 

btfX'%Z>Zktfbfrr,fz. 
[0 084] HM0«6 

*|QtMfc:*JV^»4. Ii(c) tfc^T, ^ 
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*m<vm&m&Txmmzmztx\ m 

ti?5 0«VJ VJ*ffl5icr>*.mtfXlz£ 0 . 5X:*Ztffi 

ml/mi nT»Al/'CRlSS»rtOE*S 10.10 
8X1 O'Pa (760torr) OtftU 7 0 0*C 

■ci h rvmmzmttz. moxmmmmuzmt 
it. 

[0 08 5] *HSfiW-fc^T. Kfl:f-*>"><fX;Jr- 
*Jilf®i*tt«4(Cifc'<TS4){C«l<5n 
m~5 0nmgl. *£ti$fcl OOnm^mtfc 
0. jgtfli. Ill (a) «J:3fclMjW) 

t?>. 01 (b) coidtttftoio. HI (c) <9J: 

dfcftttT^s^gaew^siJito. ai (d) 

fufc. 01 ( b ) ^ ( c ) . (d) cocfWi. ffl 
[0086] £*l J: 0 , Jjfl^+TIBiHi 
[0 0 87] m&M7 

4*ttWfcJ3^T«. IS ( c ) (ciNvc. 7kHM. *v 

•Jy/U ^«A , t4 4*^g£«5 0ml/mi nT 
5IAL.TR]S§tlrt^ff^Sr 1 0. 10 8xiO«Pa 
(760torr)WKU 7 0 0°CX' 1 h rcOgfeStfl. 

sfcttLfc. K*<affi***ivWi, rc. 5*c. 10 

x*M*Lfc. ®<»Tnmim2£.mite. 

[00 88]Htf^y>^^-«ll H,0# 
[0089] *MMS 

*fSttBfc:fcvvai, lg(c) ctsvvc. B». S 

2 0%. **2%. MS7 8%coii^X$r^^Al : 
4 4*>£>g!»5 0m l/mi n-C*ALTRJB8»l*W> 
E?j£l0. 10 8X1 0 4 Pa(760torr){C 
tH#U 7 0 Orf 1 h r<a!WSI£ltU:. ffiW)lS 

[0090] Rfc** y> * Xtf-^tfti, BfcgH 
fc. itz. V i x/j-0)£j&.M,i>%^ffi[iniz$)r>tz. 

[0091] mm9 

*9mmztiux\i. is ( c > tfcuT. tagmntik 



K£6 0 0X:. 700'C. 800*C. 900'C. 100 
[0 09 2]ii«iafflJ^6 0 0'COlS^t:t>^T{i, Be 

itj-fymmthi'frLfrft&ti'. <eo*s (>«*»-> 
fc. swaaas^Ji(fi»(c3in. iHi^y^x^- 

<0*S*<*<**flWl**l^ 7 0 0TrCtt*SR5? 
n V*7 < Xii-tm.% < J&Mi * J: 3 fcsfir 
ofc. 8 0 O^tfeWHi. IHfc^y^ 

s***<*ftfiiw**jifejh.fc. loooxxfcv^ 

[0093] XtftH 1 0 

^mmmiz&^xtt. is a) t^wc, usshm 

E£0V. 10 V. 2 0V. 3 0V. 4 0VfcU;. flfi 

(7)xmmmm4 izm tfc. mmmtwEvs^t § 

iwPBflaKftWESffl^fcWHtti^-rtt. 3 0 0 nm 
[0094] HtfiM 1 1 

*ft&itzmx'hh. **ttwtt5v^rtt. is (c> 

SBs*. iat«4t*tfc. *HtfeM<7)IS ( c ) lc*$ 
V^TJi. RiRSHrtKiHR^Sraail Oml/rain 
»At"CRJ©S»ft«E*& 133Pa(ltorr) 
t U. »fct&g£ 6 0 0*C. 1 h rWjJMMIJrjtLfc. 
[0095] FE-SEMfcJ:903fcjFtf-J:$$r?-f 

[0096] *nj6M 1 1 «aftavwtW4 . 

8T^t^y^itf*:{w. Pt*5nm|MtL. 

y-ji-mm {x?;->v •. 1 : 6 ) «ftA^, « 

£-r&*3l:»li. *Hifef!ll 1. H5I01J4. Htefla|8c7) 

mizzfritz. 
[0097] mmmi 2 

wf. 02 ( a > - ( c > zm^K *%,w<Dwmtj-?y 
ffl&nmmjrmimizm^ xmm-ti . 

[ 0 0 9 8 ] IS ( a ) 

*£K9 9. 9 9%<7)TimimnotLxmmifz. 

[ 0 0 9 9 ] IS ( b ) 

m Uz®. ©SO. 2 5 xz m<7)^^ 7* V HBfaBW"C* 

ffijaasrM-rcittio. as^rs^Dy^xo 

j]W®.m AVSEMXWmUztZ^ StlOOnm 

cowammztvz. 

[0100] imam*. mmm2 kmmotkfrx'in 

(c) Z'ii^tztZb. Hi£0g2fc|5JSH;:. S*i5 0- 

1 0 0 nmSS^K-ftf-^y^ -f XJ}-£%mz%hZ 
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[oioi] mmmi 3 

ht. H2 ( a > - < c > &m\.\ *mm<»mw 

[ 0 1 0 2 ] IS ( a ) 

J:tfM*£J: 9+#{eft#». X^v?mz± DJ¥£ 1 
^mcOTi^l l£j£HU «fclO£«j£U: (0 
2a)M) . 

c o i o 3 j is ( b ) 

IfSTiJIl l±fc, 0. 5nmffii4 
[ 0 1 0 4 3 IS ( c ) 

[0105] #Hte0iJfc:i3^TJi. sm£04 tc^Uc 

^Ud&fc (|g$iJBE8 64. 5Pa(6. 5tor 
r) ) SrAVJy^U tfxSAf 4 4*^Sl:5 0m 
l/min T«A Rtf?§25l*l£>E;Jj £10. 10 8 
xl0 4 Pa (760torr) IzmftLfz. ZLXft 
ftm yrtrMJ IxmiA&S: 7 0 0 °CX* 1 h r <m 

&mmzLxfrbtfxmimim®z*$i,'pizm>) 
Coio63ffp« 

IX')fiiL^-9-y7*;Pc7)aa s BJrffi£FE-SEM (Fi 
eld Emission-Scanning Ele 
ctron Microscope: Ht#JfetfJ^3l£*S1t 

[0 107] ta, mwv*7 <*ti-<mmt. *? 
mm. m^tz. ztiii. mswgMB am 

[0 1 08] BatftftbDKA 1, Cu, Zn, 

Zr, Mo^jggail-mUc^Cfc^Tt, |5ia? 
KWkif&btitz. 

[0 1 09] HSfefl)14 

#HSfe0iJKfcvvtte. Higflll 3<0IS (b) Cfti 
0. 1M ZnN0 3 *j§fg#{;:a«S-£S.ri: 
T\ »:Zn|#4L!t. _tJ5§#fl£. 3t 



[0110] ClfiJ: 0 » «BfcZ n £ft43*lfc*l5ffc 

fc. ZnNOj COfrhWz. L i N0 3 , Na 2 PO 
4 , KC 1 , Mg (N0 3 ) 2 , Ca (N0 3 ) , , B 
aCl 2 , Y (N0 3 ) 3 , La (N0 3 ) „ CuS 
0 4 , Zr (S0 4 ) 2 %t'V)*mmtZimit:igr&i> 

[oin] mm 1 5 

*2mmzt$^x&. mmmi 301s ( b ) ictu 
•c.iijgiog/iocuso, *mm*x\ ±iet i 
m 1 1 iznmmmt&mx. c u £ 1 n mim^ffl 

[0112] JJEBW^. mm 1 3 1 H«**frTJ» 
<. itzV 4 x*-<?>%Ztfimtfi). **>ofc. iiU 

[oi 13] mmi 6 

*iatwtc*jv^Ttt. ntt0m 3ois (b> tfu 

0. 1 M«Qffig»iti&£Mel 0£?ti»$-£ft. ±12 

t*te , mum 1 3 1 ntt^fr-cjBPi^ife uz t z 
\mm 4 xt-mm.mzwx. ttzmwix 

X-W&fritz. 

i o 1 1 4 ] ztix *) , KK+caa-ri. i 1 1\ T i 
^ >r x*-e>imimm iizt**.t>ti& . 

[0 1 1 5] Hifi^Jl 7 

*KB(tWt:*JV^tt. HSIf«J2c7)lS (b) tlHt^p 
fcHWaWfc^frofctt, § A> tc 1 M H 2 S O, 4>l=a 
*10$rjS«tSE*®7>T (StfjSkW) 55mi 

[0116] ±i2a^ io*. mown t rnmmx- 
mmmuztzb. v<x 
ti-w&iymmm^tz. ztix<o. mmmizx 

ISA&ff<0l|». Pflfl*>'ti3SS^. 
[0 1 17]WtWl8 

bit, 02 ( a ) ~ ( c ) *$mmm&j-9 
vm&nmmmzmwk'ixmmh . 

[0118] IS ( a ) 

xmmmcnm. 1 2tc{±. ^a^*ffl^^, ^rs^pjts 

f-^y{afiTP2 5Sry/Hk§*. 53S#7X»SLt.ic 
^5L^. ^m+T'SOO^CT'SOmi ncT^^fif 

a i t x-w-z i o ^ mws<rmc^ vm 1 1 

U S*l 0*««Uc (02 a) #B3) . 
[01 193 IS ( b ) 
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^]5kW) £J:»)JIUMi£5mi nIHSMtLfc. 
[0120] IS ( c ) 

x\ mm£mtztx'm.i-f>v 4 zt-Zf&gz 

[0121] XmtmiZ&^Xte. 3*8*04 fci^Lfc 

ftftLfcK* <JK«BE864. 5Pa(6. 5tor 
r) ) fc/VJi'/L. #Z.mJM44frti>tiUk5 0m 
1/min T«A UTRlES»rt<?5E]fl Sr 1 0 . 10 8 
XlO'Pa (760torr) *LT* 

*my yrtjsa utww** i o otc 1 h r <ojr 

[0 1 2 2] M (fltiiKS) 

KOiiJ Lfc-tf-VTVI^Uffl, BfffiSr F E - S E M ( F i 
eld Emission — Scanning Ele 
ctron Microscope: HfHfttij^SclStll 

?mum) izxm%itz. 

[0123] mfrt>. >w < x 

^-»flo**W9BS*ife. XttEWftcJ: 0/1/ 
fVl/fflMfc**VO#l£a«S3ftfc. tlOnm 

mmmmttz t x-^ < xt-tmmmzm 
tsifcawsftfc. 

[0124] M5MMWicJ: OIHt^vaiEtefev* 

IWHR) ^S^rl»ffl«* { ^§ft. -eft-Pft^i^tfc 
ItS H 2 0#BSv fc <r>W.&m.<7)m¥$L t fc i t fcjBH 

U *4X*-aW*fcJft*Lfcfc#;l&ft6. 
[0 125] 

&mfc+9y*4&tim* mzam^^y^^x/i- 



[0126] *&BJIO?-*y£±1Wfc1-6^/«gtt 

aBwmfciffci/c, fc^®mx'm*imx'$>&. t 
tz. xmxvmit+fyvixtj-i^ yjxj- y?* 
t'0mittttLxm^&zti>x'*&. 

[Hi ] *m\nmtr?y&f;tjm&<mvi<m£* 
■tmmx'ht. 

[03] *m\<mitr?yi:'ktsimziLm&i-; 

mm*z*-?mmx'h& . 

[04 ] ma-ty*? < xii-m&vmm&mm. 

^■tm±Mx%i. 

[05] jfumsm. za?tmitm$> s . 

10 a* 

11 Ti£±jfcfrttl>ffil 

12 S« 

13 *MK4*BBBM&****iB 
15 Hftf-^yft-^trtWKr-fX*- 
4 1 RJCSSg 

4 3 $*WftlRIK 
4 4 #Xi$A<g 

4 6 amyjy 
47 mmyyr 

4 8 

49 j^aotiie 

5 0 Hfflf 
5 1 

5 3 *V-H 
54 
55 
56 



[03] 



15 wt?9>*zvim 



, 11 



12 m. 



(a 2) )00-203998 (P200 0-2 0k58 



1] 



[02] 



(a) 



15e^^>«-^«fM (a ) 



( b) 




(c) 



15 



(b) 



11 Ti*£&£,fcl-*& 



>10£tt 



12 



13 jfcH**£W#ffi*W-f5£t& 



•11 Ti*£j5$#£:**& 



12 &(g 



15 



(d) 



[04] 



4i 



44 iit&KS 



10 




43^1«iRJCC« 
48 %Jti 7- 



47 jfc**5>7 



<c) 



12 



[05] 



10 g# 



maar 

50 



v 



T 



55 



—4- 

53 *V-K W 



/ 



Vb 
56 



51fii£S« 



'54 



